Morphological microscopic examinations of nucleated cells in body fluid (BF) samples are performed to screen malignancy. However, the morphological differentiation is time-consuming and labor-intensive. This study aimed to develop a new flowcytometry-based gating analysis mode "XN-BF gating algorithm" to detect malignant cells using an automated hematology analyzer, Sysmex XN-1000. XN-BF mode was equipped with WDF white blood cell (WBC) differential channel. We added two algorithms to the WDF channel: Rule 1 detects larger and clumped cell signals compared to the leukocytes, targeting the clustered malignant cells; Rule 2 detects middle sized mononuclear cells containing less granules than neutrophils with similar fluorescence signal to monocytes, targeting hematological malignant cells and solid tumor cells. BF samples that meet, at least, one rule were detected as malignant. To evaluate this novel gating algorithm, 92 various BF samples were collected. Manual microscopic differentiation with the May-Grunwald Giemsa stain and WBC count with hemocytometer were also performed. The performance of these three methods were evaluated by comparing with the cytological diagnosis. The XN-BF gating algorithm achieved sensitivity of 63.0% and specificity of 87.8% with 68.0% for positive predictive value and 85.1% for negative predictive value in detecting malignant-cell positive samples. Manual microscopic WBC differentiation and WBC count demonstrated 70.4% and 66.7% of sensitivities, and 96.9% and 92.3% of specificities, respectively. The XN-BF gating algorithm can be a feasible tool in hematology laboratories for prompt screening of malignant cells in various BF samples.
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Introduction
Differentiation of nucleated cells including malignant cells in various body fluid (BF) samples is an essential technique to determine the clinical treatment strategies. A positive effusion for malignant cells is an important indicator in the diagnosis of malignant lesions and staging [1] . Therefore, the examination of BF for the presence of malignant cells has been accepted as a routine laboratory procedure, not only for the detection of incidental malignancy, but also for the detection of metastasis of an unknown primary origin [1, 2] . Especially, cytological examinations with papanicolaou and immunohistochemical stainings performed in pathology laboratories are of paramount importance in the diagnosis of malignancy in BF samples [2] [3] [4] . However, the routine cytology results are not available in the same day when the samples are sent to the lab, which prevents physicians from making a quick diagnosis. Hence, it is expected that the screening of malignant cells by the hematological examinations enables a rapid report to physicians and might be useful as adjunct rapid diagnosis tests. For example, in the differential diagnosis of coma patients, rapid automated analysis of CSF samples can benefit physicians' quick decision making [5] . Prompt detection of malignant cells in body fluid samples including bloods may be useful for the diagnosis of disseminated intravascular coagulation [6] .
Although manual microscopic examinations are most widely used in hematology laboratories, those are time consuming and results are sometimes hampered by inter-examiners' variability in their skill levels. To date, many scientists and industries have been attempting to develop automated analyzing systems, and several different algorithms of the automated hematology analyzers have been developed to count and differentiate nucleated cells in various BF samples such as synovial, cerebrospinal, pleural, ascitic and pericardial fluids [7] [8] [9] [10] . However, detection of malignant cells in BF samples by the hematology analyzers is still challenging because cell size, shape and cytoplasmic density of malignant cells vary as well as malignant cells often stick each other and form cell clumps.
Recently, a new detection mode, called high-fluorescence body fluid (HF-BF) [8, 11] , has been equipped to the automatic hematoanalyzer Sysmex XN series (Sysmex, Kobe, Japan) perusing to discriminate non-haematopoietic cells. However, the nonmalignant cells such as mesothelial cells or macrophages are counted as the HF-BF cells along with malignant cells, and current HF-BF based analysis still causes false-positive results frequently. Thus, further improvement of the HF-BF to realize more accurate detection of malignant cells by modification of its parameter setting are warranted.
In this study, we propose a new XN-BF gating algorithm to detect malignant cells by modification of the conventional HF-BF algorithm. Specifically, two gating parameters, Rule 1 and Rule 2, based on the WDF channel were combined with HF-BF: (1) Rule 1 detects signals from large cells and clumped cells of which the most cells are consisted of clustered malignant cells; and (2) Rule 2 detects middle sized mononuclear cells with less granules than neutrophils and similar fluorescence signal to monocytes of which the most cells are consisted of hematological malignant cells and solid tumor cells. This novel algorithm was tested using various BF samples with and without malignant cells, and was evaluated by comparing with the cytological diagnosis in pathology laboratory.
Materials and methods

Patient samples
Between August 2013 and July 2014, a total of 92 BF samples were sent from different departments to the clinical laboratory of Juntendo University Hospital (Tokyo, Japan). The samples included 18 cerebrospinal fluid (CSF), 68 pleural effusion (PE) and 6 ascitic fluids for routine 
Novel scattergram gating algorithm
The analyzed signals of the XN-BF were exported as FCS dataset for plotting WDF channel dot plots, or scattergrams. The analyses were performed using Flowing Software (Centre for Biotechnology, University of Turku, Finland: http://flowingsoftware.btk.fi/) [12] . Two following gating algorithm based on the WDF channel were combined: (1) Rule 1 was designed to detect the aggregated cells expressing higher forward scatter width signal and higher fluorescence signals than WBCs (as indicated in Area 1, Fig 1A) ; (2) Rule 2 was designed to detect middle range of fluorescence signals between WBCs and HF-BF cells with lower forward Fig 1B) . BF samples that meet, at least, one criterion were detected as malignant cells.
Manual microscopic analyses
A hemocytometer (Fuchs-Rosenthal Rotterdam, Netherlands) was used for manual microscopic cell counting. For cell differentiation, cytospin slides were prepared by cytocentrifugation at 80 x g for 10 min. BF with high TNC (>1000 cells/μL) were diluted with Phosphate Buffered Saline (PBS) to obtain a concentration of 500-1000 cells/μL. Slides were stained by May-Grunwald-Giemsa. All slides were microscopically examined and performed differential count for 200 cells by an experienced medical technologist who was educated in hematopathology and cytopathology and a senior clinical pathologist. BF collection and analyses were performed in compliance with the CLSI H56-A guideline [13] . Concurrent pathological examinations were performed with Papanecolou (PAP) stained slides, followed by immunocytochemistry at an in-house pathology laboratory. Malignant cells were defined as ! Class IIIb (Papanicolaou class system) by the cytological examination.
Statistics
The accuracy to detect malignant cells among various methods were evaluated by Mann-Whitney U-test where appropriate. p<0.05 was considered as statistically significant.
Results
Comparison of the accuracy of the XN-BF analysis and the microscopic examinations in the hematology laboratory compared to the examinations in the cytology laboratory Table 1 summarizes the results of automated analyses and manual microscopic examinations. In the 92 BF samples, malignant cells were detected in 27 samples by the cytology examination. Although these two new algorithms (i.e., Rule 1 and Rule 2) are supposed to work complementally, there are some difference in the accuracy in the detection of malignant cells. Of the 27 malignant samples, five samples were detected by Rule 1 and 2 (18.5%), nine samples were detected by Rule 1 alone (33.3%), three samples were detected by Rule 2 alone (7.40%) and nine samples were not detected as malignant by either method (33.3%).
The accuracy of the XN-BF gating algorithm as well as the manual microscopic examinations in hematology laboratory in the detection of malignant cells were evaluated by a comparison with the cytological diagnosis. Table 2 summarized the results of accuracy by the three types of examinations performed in hematology laboratory showed high specificities (87.7-96.9%) but relatively low sensitivities (63.0-70.4%), with the highest accuracy of the WBC differential examination with May-Grunwald-Giemsa staining. We, then, analyzed the difference between true positive and false negative with the XN-BF gating algorithm in the cytology positive malignant BF samples. As shown in Table 3 , the false negative samples contained significantly lower number of HF-BF cells (p = 0.008) than the true positive samples, which indicates that a small malignant cells number is at least one of the causes of the false negative with the XN-BF gating algorithm. No significant difference was observed among these methods in total cell numbers or WBC numbers.
The examples in the detection of malignant cells by the new algorithms
As described in the methods, the XN-BF gating algorithm is supposed to detect malignant cells with relatively large size and/or cell clumps by Rule 1, and cells contains condensed intracellular contents such as RNAs and DNAs are supposed to be detected by Rule 2. Table 1 ) detected as malignancy (Rule 1 negative, but Rule 2 positive) containing malignant cells with isolated and sparse form (7.6% by the microscopic differential count). Fig  2D shows a malignant PE (sample #18, Table 1 ) interpreted as negative for malignancy by the XN-BF gating algorithm (negative by both Rule 1 and 2) containing small number of isolated adenocarcinoma cells (1.5% by the microscopic differential count).
Discussion
In this study, we investigated the accuracy of a newly developed XN-BF gating algorithm in the detection of malignant cells using Sysmex XN-1000 automated hematology analyzer. As described in the method section, this algorithm was designed to detect malignant cells by addition of two detection rules to the conventional Sysmex XN-BF mode: (1) measuring passing time that is affected by cell clumps; and (2) measuring fluorescence intensity reflected by cytoplasmic organelles and nucleus contents. Whereas the sophisticated algorithms are developed for automatic computational algorithms of flowcytometry [14], our gating analyses were performed manually and our system is not using various CD markers or other special staining. This study is attempting to develop a relatively simple and more accurate detection system compared to the conventional manual microscopic examination that performed by simple May-Grunwald-Giemsa staining in hematology laboratories rather than full cytology examination in pathology laboratories at stage. We and others have reported the difficulties to distinguish malignant cells from benign ones containing macrophages and mesothelial cells by the conventional Sysmex HF-BF mode because of its low specificity [8, 13] . This is mainly due to the use of only two detection algorithms: (1) forward scattering signal detection that can evaluate size of cells; and (2) side scattering signal detection algorithm that can detect the reflection of laser beams by cyto organells. Recently, Labaere et al. analyzed BF samples by HF-BF mode of Sysmex XN-2000 with a cut off level of !17 HF-BF cells /μL to detect malignant cells, and reported still relatively low specificity of 61% compared to the conventional microscopic examination with May-Grunwarld Giemsa stained slides performed in hematology laboratory [8] . Malignant cells show several unique features compared to normal blood cells: (1) these cells are usually larger than normal hematocytes; (2) these cells contain more DNAs and RNAs than normal hematocytes [15] ; (3) these cells' cytoorganelles are often more complicated than non-malignant cells; and (4) these cells have tendency to form cell clumps. We, therefore, developed a new algorithm by addition of two parameters, Rule 1 and Rule 2, to detect malignant cells more specifically, and achieved markedly high specificity of 87.8% compared to the conventional microscopic differential count with May-Grunwarld Giemsa stain in hematology laboratory. This means that the XN-BF gating algorithm reduces unnecessary microscopic analyses. On the other hands, we observed false negative results in the cases with small number of malignant cells. Further studies using more samples obtained from various kinds of body fluid samples are warranted to validate our current estimation. We are planning to expand our study to incorporate data from multiple centers, and adding more developed technology such as automated digital morphological analyzer, DI-60 which is equipped with Sysmex XN series. The combinational usage of automated high definition microscopy images may improve both specificity and sensitivity. The number of similar studies using XN-series automated analyzers is rapidly increasing all over the world. Since 2012, more than 100 studies using the XN-series have been published (referred in PubMed), and the number of studies is increasing year-by-year. To date, more than 20,000 XN-series hematology analyzers were shipped to all over the world including approximately 5000 of XN analyzers to the U.S. Thus, we believe that the XN-series analyzers have been used in many laboratories as automated hematology analyzer.
In this study, we observed that the tested different hematological examinations, including the XN-BF gating algorithm and the manual microscopic examinations in hematology laboratory, showed similar sensitivity and specificity compared to the cytological examinations. Whereas the accuracy of the XN-BF gating mode needs to be improved to attain higher sensitivity, this system might facilitate a feature upgrade of the automated hematology analyzer to detect malignant cells in BF.
As the study limitations, this is a single center study with relatively small size samples. The number of samples and type of malignant cells for each type of BF were limited. Although we examined cells from same samples for automated analyses and microscopic examinations in hematology laboratory, it was not possible to analyze exact the same cells for cytopathology laboratory since it is not feasible to collect a single cell from flow cytometry to fix and stain for cytopathological examinations. In addition, microscopic examinations by interexaminers' and/or intraexaminers' inconsistency could not be completely removed even though two welltrained examiners performed the studies. These issues cannot be avoided in any laboratories, and we are increasing number of samples for each kind of BF for the future study.
In conclusion, the XN-BF gating algorithm for the BF malignancy diagnosis may have a potential to be the alternative method to the morphological examination, which can benefit for hematology laboratories to screen malignant cells rapidly without requiring additional sample preparation procedure and with minimal operator bias. Currently, manual microscopic examination is the golden standard. However, in the future, we believe that accuracy and quality of automated analyses of BF samples can be further improved with the technology development, and that this type of automated detecting system can serve as an adjunct quality control system. 
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